ABSTRACT
Introduction
Motility disturbance of intestinal tract occurs frequently after insults of hemorrhagic shock (HS), severe sepsis, major operation and other critical conditions, which remains one of the most perplexing problems in critical care medicine. This complication may lead to functional ileus, prolonged hospitalization, increased medical costs, and even death 1, 2 . Nevertheless, there remains no effective medical treatment for this intestinal dysfunction and the precise mechanisms underlying the intestinal dysmotility have not been fully elucidated.
Cyclooxygenase (COX) is a rate-limiting enzyme of the synthesis of prostaglandins (PGs), which exerts important roles in cell proliferation, inflammatory cascade and smooth muscle function 3 . COX-2 is an inducible form of the enzyme produced in a variety of stress conditions, such as sepsis 4 , tumor 5 , operative manipulation 6 and bowel obstruction 7 . Recent studies indicate that inducible expression of COX-2 in endotoxemia rats induces the motility disturbance of intestine 8, 9 . Conversely, suppression of COX-2 using inhibitor of mitogen activated protein kinase attenuates the intestinal dysmotility 8, 9 . These findings suggest that COX-2 is associated with the development of the intestinal dysmotility induced by endotoxin. The previous studies have found that HS can elicit intestinal dysmotility that involves increased inflammatory factors such as TNF-α, IL-6 and iNOS/ NO 10, 11 . These results prompted us to hypothesize that HS also increases the COX-2 expression and activity in the intestine and the enhanced COX-2 activity will contribute to the intestinal dysmotility after HS. To test this hypothesis, we conducted the measurement of ex vivo motility function to determine the ameliorating effect of COX-2 inhibition on motility function of intestinal muscle strips from HS rats. We also employed western blotting assay, immunohistochemical staining and the ELISA method to confirm the enhancing action of HS on the expression of COX-2 as well as downstream prostaglandins derived from COX-2 in intestinal tissues.
Methods

Experimental design and HS protocol
The animal experiments were approved by the Animal Care Committee of Hebei North University and conformed to guidelines of National Institutes of Health. All efforts have been made to minimize animal suffering.
Male Wistar rats weighing 250 to 350g were purchased from the Laboratory Animal Centre of Chinese Academy of Military Sciences (SCXK 2007-004) and were randomly divided into sham and HS groups. All the rats were fasted with ad libitum access to tap water for 12h before the experiment procedures, and.
After rats anesthetized with pentobarbital sodium (50 mg/kg), bilateral femoral arteries and the right femoral vein were isolated. The right femoral vein was cannulated for the administration of heparin sodium (500 U/kg). The right femoral artery was cannulated with a polyethylene tubing containing heparinized saline (10 units/cc), and then connected to a blood pressure transducer (YP100, Chengdu Instrument, China) for monitoring blood pressure continuously during the shock period. Another catheter was inserted into the left femoral artery for bleeding. After a 30-min equilibrium, blood was withdrawn from the left femoral artery in HS group rats to produce a mean arterial pressure (MAP) of 40±2 mmHg within 10 min. MAP was maintained at this level for 180 min by withdrawing or reinfusion blood as required. In the sham group, rats were anesthetized and cannulated as described above, but no blood was removed. The duodenum samples were harvested at 180 min of hypotension in HS group of rats (n=6) and at corresponding time point in sham group of rats (n=6) for the following experiments.
Intestinal motility measurement
Segments of rat duodenum were excised, washed, freed from mesenteric attachment, and cut into smaller pieces with 1 cm in length. Whole thickness muscle strips (10 mm long and 5 mm wide) were suspended along longitudinal smooth muscle orientation in a thermo-controlled (37°C) organ bath containing Krebs solution and continuously bubbled with 95% O 2 and 5% CO 2 . One end of the muscle strip was pinned to the tissue holder and the other was attached to an isometric force transducer (JZJ01H, Chengdu Instrument, China). It was then stretched passively to an initial tension of 1.0 g. Before testing, muscle strips were allowed to equilibrate in Krebs solution for 30 min. During the whole experiment, the Krebs solution was changed every 20 min. Acetylcholine (Ach, 0.1 mM) induced contractile response was determined to assess the function of intestinal motility. In sham group, sham muscle strips were incubated with Krebs solution plus vehicle for 15 min. In shock group, muscle strips were incubated with Krebs solution plus vehicle. In shock + NS-398 group, shock muscle strips treated by Krebs solution plus NS-398 (sigma USA, 0.01 mM) for 15 min. Contractions between different muscle strips of duodenum were normalized and calculated by converting grams of contraction to grams per square millimeter per section of tissue [8] [9] [10] .
Western blotting
Duodenum samples were homogenized in a lysis buffer containing 50 Mm Tris (pH 7.4), 150 mM NaCl, 50 mM NaF, 1 mM EDTA, 1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS. The homogenates were centrifuged at 12.000 × g for 10 min at 4°C and protein aliquots were stored at −70°C. The protein concentration of each sample was measured using bicinchoninic acid assay. Equal amounts of protein (50μg per lane) were loaded and separated by electrophoresis using 10% sodium dodecylsulfatepolyacrylamide gel, then transferred to polyvinylidene fluoride membranes. Membranes were blocked with 5% skimmed milk powder for 1.5h and then incubated overnight at 4°C in primary antibody for COX-2 (1:200 concentration) and β-actin (1:2000 concentration). The membranes were then washed twice and incubated with a horseradish peroxidase conjugated anti-rabbit IgG secondary antibody at room temperature for 1.5h. Luminescence was detected using a chemiluminescent kit for antibody detection. The relative density of COX-2 to β-actin band was calculated and used to assess the expression of COX-2.
Immunohistochemistry
Duodenum samples were harvested, fixed in 4% paraformaldehyde, dehydrated by gradient ethanol, embedded in paraffin and cut in 4μm thick sections. Sections were deparaffined at 60°C for 30 min, dehydrated in gradient ethanol and conducted antigen retrieval by heating for 10 min. Sections were incubated at 4°C overnight with primary antibody for COX-2 (1:400 concentration), which was the same as that used in the western blot assay. Sections were washed twice by phosphate buffer solution and incubated with a horseradish peroxidase conjugated anti-rabbit IgG secondary antibody at 37°C for 30 min. Antibody localizations on samples were visualized with 3,3'-diaminobenzidine. In control experiments, the PBS was substituted for COX-2.
ELISA assay
Samples of duodenum were harvested from sham and HS rats, and then homogenized in normal saline at a ratio of 9 mL per 1g of tissue. The tissue homogenate was centrifuged for 10 min at 3000 rpm at 4°C. The supernatant fluid was stored at -70°C for the next assay. The contents of thromboxane A 2 (TX A 2 ), prostaglandin (PG) E 2 , PG F 2a and PG I 2 in supernatant fluid of duodenum tissues were measured by commercial available kits (abcam USA). The total protein concentration of supernatant fluid was measured using bicinchoninic acid assay. The contents of TX A 2 , PG E 2 , PG F 2a and PG I 2 were calibrated using the concentration of total protein and expressed as ug/g protein.
Statistical analysis
Results are expressed as mean ± SD. Statistical analysis was performed using SPSS 18.0 by one-way analysis of variance (ANOVA) for comparison of multiple groups and independentsample T test for comparison of two groups. P values less than 0.05 were considered statistically significant.
Results
Effect of COX-2 on intestinal motility of rats subjected to HS ex vivo
Examination of intestinal motility ex vivo indicated that the Ach-induced contractile response of smooth muscle strips isolated from duodenum of HS rats was significantly suppressed. Compared with that of sham muscle strips, the 0.1 mM Ach evoked contractile response dropped by nearly 60% in HS muscle strips (0.98±0.14 vs 0.42±0.13 Grams/mm 2 ·S, p<0.01). NS-398, a COX-2 inhibitor, significantly increased the contractile response of smooth muscle strips suppressed by the insult of HS (0.60±0.13 Grams/mm 2 ·S, p<0.05), but increased contractile response was still lower than that of sham group (p<0.01, Figure 1 ).
FIGURE 1 -The influence of Cyclooxygenase-2 inhibitor on the motility of intestine harvested from hemorrhagic shock rats.
Contractile response to acetylcholine of intestine harvested from hemorrhagic shock rats decreased significantly compared with that of sham rats (p<0.01); Contractile response was elevated by Cyclooxygenase-2 inhibitor NS-398 significantly (p<0.05), but still decreased compared with that of sham rats (p<0.01).
Protein expression of COX-2 in intestinal tissues of rats subjected to HS
Western blotting assay was applied to determine whether expression of COX-2 protein was upregulated in intestine after HS. Results indicated that the expression of COX-2 protein of intestinal tissues in shock group was dramatically increased when compared with that in sham group (Figure 2) . To determine the source of COX-2 expression, immunohistochemical examination was conducted in the full-thickness intestine. The results showed that the intestinal tissues of sham group were characterized by a normal architecture and quite rare or none of COX-2 positive cells (stained brown Figure 3A) . In contrast, the intestine of shock group was manifested by part of villous expansion and disruption, a large amount of Cyclooxygenase-2 positive cells appearance in lamina propria and submucosa ( Figure 3B ). The COX-2 positive cells were resident plasmacytes, infiltrating leukocytes and part of myenteric neurons. 
Changes of prostaglandins in intestine of rats subjected to HS
Results from ELISA assay showed that there were no significant differences in contents of TX A 2 , PG F 2a and PG I 2 between sham and shock group (p>0.05). In contrast, contents of prostaglandin E 2 were significantly increased in intestinal tissues of shock group (21.2±5.8 vs 45.9±14.7 ug/g protein, p<0.01, Figure 4 ). There were no significant differences in contents of thromboxane A 2 (TX A 2 ), prostaglandin (PG) F 2a and PG I 2 between sham and shock group (p>0.05). Compared with those of sham group, contents of PG E 2 increased significantly in intestinal tissues of shock group (p<0.01).
Discussion
Critical conditions such as trauma, hemorrhage and sepsis are commonly associated with intestinal dysmotility that lead to postinjury atony and functional ileus. The present study investigated the involvement of COX-2 activation in the intestinal dysmotility induced by HS. We found that HS significantly suppressed the motility function of the intestine, which was accompanied by increased protein expression of COX-2 and elevated level of PG E 2. Inhibition of COX-2 reversed this intestinal dysmotility. These results indicated that increased COX-2 activity produced by HS leads to intestinal dysmotility that increase the vulnerability to the development of multiple organ dysfunction syndrome and ultimately resulting in the increase of mortality.
It has been shown that in a rat model of bowel obstruction, the COX-2 expression is increased in colon oral to obstruction. . Out of these PGs, PG E 2 has been shown to be a critical factor for regulating intestinal motility. 
Conclusions
Hemorrhagic shock increases the inducible expression of COX-2 in intestinal tissues, which, in turn, enhances the production of PG E 2 . Therefore, a large amount of PG E 2 suppresses intestinal motility. These findings indicate that the enhanced COX-2/ PG E 2 involves in the HS-induced intestinal dysmotility.
